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Abstract 
Several standard testing procedures were prepared or are in a developing phase in many countries, to provide methods for 
determining the performance of MCHP (Micro Combined Heat and Power) systems. This is due to the quick diffusion of 
microcogenerators worldwide, especially in the Japanese, European and North American markets, and to existing supporting 
mechanisms, that require the achievement of specific minimum energy performance. 
In the framework of Subtask B of Annex 54 of International Energy Agency, information about national standard testing 
procedures were gathered. In this paper, the main available national standards are summarized, and a comparison is performed. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ATI NAZIONALE. 
Keywords: microcogeneration; national testing procedures; review; supporting mechanisms; performance 
1. Introduction 
Standard testing procedures are available or are in a discussion stage in many countries in the World, providing 
test methods for determining the energy or environmental performance of MCHP (Micro Combined Heat and 
Power) devices. This is mainly due to the quick diffusion of microcogenerators worldwide, [1,2]. For example, 
Honda and Osaka Gas developed a MCHP (1 kW electric power and 2.80 kW thermal power), designed for single-
family applications; in the period 2003–2009 about 86,000 units were sold in Japan. In Europe, more than 20,000 
units of internal combustion engine based MCHPs have been sold, mainly considering two models, with 4.7 and 5 
kW rated electric output. Moreover, about 3,000 units of Stirling engine based MCHPs have been also installed. 
This increasing diffusion is mainly due to existing national financial tools (white certificates, feed-in tariff, etc.) 
that support MCHPs penetration in the energy-efficient devices market. These mechanisms require the achievement 
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of minimum energy performance, for example in terms of primary energy saving of the microcogenerator with 
respect to a benchmark case. Moreover, in some countries, MCHPs may be required to meet certain minimum 
standards to be marketable. Therefore, for small scale cogenerators, it is useful to define a procedure for testing ex-
ante the energy performance of a device, representative of a unit type. This procedure is alternative to the 
conventional ex-post assessment of energy savings achieved by each installation, which could not be economically 
justified, especially if a very large number of units is installed. The ex-ante method can be used for example by 
manufacturers or ESCo (Energy Service Companies), that expect to install a wide number of identical units in 
similar applications, as it allows to classify the energy performance of the MCHP with experimental tests conducted 
in a test facility, possibly certified by an independent third party. 
The diffusion of such standards procedures can also support the introduction of energy labeling schemes for 
MCHP, such as those already in place for various electric appliances, that could help potential users to understand 
the achievable energy, environmental and economic savings. 
Examples of such standard procedures for small scale cogeneration devices are the following: 
x USA: ASHRAE SPC 204 – Method of Test for Rating Micro Combined Heat and Power Devices (in progress); 
x UK: Publicly Available Specification 67 (PAS 67); 
x Italy: prUNI E0204A073 - Draft of a proposed UNI standard: microcogeneration devices fuelled by gaseous or 
liquid fuels – Ex-ante measurement of energy performance (in stand-by); 
x Europe: prEN 50465: Gas appliances – Combined heat and power appliance of nominal heat input inferior or 
equal to 70 kW; 
x Germany: DIN 4709 (2011-11): Determination Of The Standard Efficiency Factor For Micro-CHP-appliances Of 
Nominal Heat Input Not Exceeding 70 kW; 
x Japan: industrial standards for performance and safety testing of MCHP. 
Annex 54 – “Integration of Micro-Generation and Related Energy Technologies in Buildings” [3] – is an 
international project of IEA (International Energy Agency) aimed at undertaking an in depth analysis of micro-
generation and associated other energy technologies. The project is divided in three Subtasks; one of the activity of 
Subtask B is to gather information from countries in which national standard testing procedures have been developed 
or are in a developing phase, in order to extract some general rules, useful for the definition of a common 
performance assessment methodology, to be used by all participants to the project. 
In the following sections, the main principles of some available national testing procedures will be summarized. 
 
Nomenclature 
CIF Carbon Intensity Factor [kg/kWh] 
cp isobaric specific heat capacity [kJ/(kg K)] 
DE delivered energy [kWh] 
h enthalpy [kJ/kg] 
HPER Heating Plant Emission Rate [kg/kWh] 
HR Heat Rate [-] 
LHV Lower Heating Value [kWh/kg] 
m mass [kg] 
m  mass flow rate [kg/s] 
NE net energy [kWh] 
OE output energy [kWh] 
PE primary energy [kWh] 
PEF Primary Energy Factor [-] 
PES Primary Energy Saving [-] 
PLR Partial Load Ratio [-] 
PSR Plant Size Ratio [-] 
Qbal difference between energy inputs and energy outputs [kWh] 
t time [s] 
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T temperature [°C] 
X extended heating factor [-] 
DHW Domestic Hot Water 
MCHP Micro Combined Heat and Power  
Greek symbols 
η efficiency [-] 
Δ difference 
Subscripts 
cw cooling water 
El electric  
Fuel fuel  
hs heating season 
net net 
R return 
ref reference value 
S supply 
SH space heating 
sum summer season 
Th thermal 
tot total 
waste waste heat 
year annual basis 
Superscripts 
HP heating plant 
MCHP Micro Combined Heat and Power 
ST storage tank 
2. prUNI E0204A073 (Italy) 
In Italy there are several ongoing activities aimed at defining a standardized procedure for the test of MCHP 
systems, [4]. In the following, the main topics of a draft standard, now in a stand-by phase, are described.  
2.1. Aim and scope 
The aim is to define a procedure for an ex-ante performance assessment of microcogeneration (electric power 
less than 50 kW) systems, that allows to characterize the energy performance of the device through a limited number 
of experimental tests. Necessary condition for its application is to operate the MCHP in heat-following mode. 
The cogeneration unit is generally composed of a prime mover for electric or mechanical energy supply, 
supported by a heat recovery system for thermal energy supply, possibly integrated by a boiler (with peak and/or 
back-up functions) and/or a thermal storage. In the case of a trigeneration system, a part of the system is aimed to 
cooling energy supply, by means of an absorption or vapour compression heat pump. The standard specifies the type 
of tests that should be performed, that are both at nominal conditions and according to test cycles.  
2.2. Characterization of the unit at nominal conditions,  
It is required that the unit is analyzed in stationary conditions, that means that the system has reached the nominal 
electric or mechanical power (with a deviation of ±3%) and operating conditions are stationary (with a deviation of 
±1%) for at least 10 minutes. Once that stationary conditions are achieved, the test has a length of 60 minutes. 
The following nominal performance indexes are defined and evaluated: 
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x Electric efficiency, 
nom,Fuel
nom,El
nom,El PE
OE K  (1) 
x Thermal efficiency, 
nom,Fuel
nom,Th
nom,Th PE
OE K  (2) 
x Heat rate, 
nom,El
nom,Fuel
OE
PE
HR   (3) 
where OEEl,nom and OETh,nom are the output electric and thermal energy and PEFuel,nom is the input primary energy, at 
nominal conditions. 
2.3. Characterization of the unit according to test cycles 
The draft standard defines the load profiles for different day types to be used for test cycles. A deviation of ±10% 
on the required hourly energy is allowed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Thermal and cooling load profiles. 
Three day types (winter, intermediate and summer) of 24 hours, respectively characterized by high, medium and 
low thermal load, are defined. Moreover, for trigeneration systems, an additional summer day type characterized by 
low thermal load and a cooling load is defined (Fig. 1). Thermal load is determined as a percentage of the maximum 
thermal load; it is defined, for systems without thermal storage, as the sum of thermal powers of the cogenerator and 
any vapour compression heat pumps or peak load boiler included in the system. 
The evaluation of annual energy performance with reference to test cycles is carried out multiplying the results 
obtained for each day type for its number of occurrence, defined with respect to the Italian climatic zone of 
installation (Tab. 1). On the basis of energy performances, both in nominal operating conditions and according to 
test cycles, overall annual performance is evaluated, also taking into account a coefficient K that varies linearly from 
0 to 1 (0 is relative to the case of cogeneration units applied in the absence of other heat generators, 1 is relative to 
the case of cogeneration units applied in the presence of other widely prevalent heat generators). 
Finally, the electric and thermal efficiency and the Heat Rate (as defined for nominal operating conditions), as 
well as the Primary Energy Saving, as defined by [5,6], are evaluated on an annual basis. In particular: 
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     Table 1.Number of occurrence for each day type for cogeneration and trigeneration systems. 
Day type 
Climatic zone 
A B C D E F 
Winter 21 30 43 64 91 140 
Intermediate 84 91 93 102 91 110 
Summer 
Cogeneration 
systems  260 244 229 199 184 115 
Trigeneration 
systems 
Thermal load 130 124 119 99 94 75 
Cooling load 130 120 110 100 90 40 
 
refTh
yearTh
refEl
yearEl
yearFuel
year OEOE
PE
PES
,
,
,
'
,
,1
KK 
  (4) 
where, on an annual basis, for high efficiency cogenerators, PEFuel,year is the primary energy input to the MCHP, 
OETh,year is the output thermal energy, ' ,yearElOE  is the cogenerated electricity, that is equal to the global production 
only if the cogenerator has an annual overall efficiency higher than a limit value, depending on the technology (75% 
for internal combustion engine based MCHPs). ηEl,ref and ηTh,ref are the harmonised efficiency reference values for 
separate production of electricity, [7]. ηEl,ref  depends on the year of installation of the unit, the type of fuel, the 
annual average outdoor temperature, the voltage and the share of electric energy exported to the grid. ηTh,ref, depends 
only on the type of fuel and on if there is a direct use of exhaust gases or production of steam/hot water. 
2.4. Testing conditions 
The standard specifies the reference conditions for the test (ambient air temperature, pressure and relative 
humidity), the required instruments uncertainties, as well as the supply and return temperatures of thermal recovery 
circuits to be used for the experimental tests, both for nominal operating conditions and for test cycles. In particular, 
different values of temperatures should be used in the case of “high temperature” tests (supply temperature = 75 °C, 
return temperature = 60 °C), e.g. when the MCHP has to interact with radiators for space heating purposes, and “low 
temperature” tests (supply temperature = 50 °C, return temperature = 30 °C), e.g. when the MCHP has to interact 
with a radiant floor heating system or when a condensing unit is tested. Finally, for systems with cooling energy 
supply, the supply (7 °C) and return (12 °C) temperatures of the cooling circuits to be used for the tests are defined. 
3. DIN 4709: 2011-11 (Germany) 
3.1. Aim and scope 
This standard specifies a method to determine the efficiency of MCHP units for domestic use for space heating 
and hot water production, [8]. It establishes a test procedure carried out with different thermal loads for heating 
operation, applicable to microcogeneration units which does not exceed a nominal primary input of 70 kW and are 
fuelled by natural gas or other fuels. Furthermore, testing is done on the complete system (MCHP, thermal storage 
and control unit), yielding a more realistic measure for the efficiencies, since transient losses are taken into account 
as well as thermal losses of the storage tank and the effect of the control strategy. 
The standard specifies the reference conditions for the test (ambient air temperature, electrical voltage, air 
velocity, protection from direct sunlight, etc.), as well as the required instruments uncertainties. 
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3.2. Calculation procedure 
The assessment is based on Lower Heating Value (LHVFuel) of gas; the standard requires the evaluation of 
primary energy input to the MCHP as: 
FuelFuel
MCHP
Fuel LHVmPE   or dtLHVmPE FuelFuelMCHPFuel ³    (5) 
where MCHPFuelPE  is primary energy input of the MCHP, mFuel and Fuelm  are the mass and mass flow rate of fuel, 
respectively. The useful amount of thermal energy provided by the MCHP unit is evaluated as: 
 dtTTcmOE RSpcwMCHPTh ³    (6) 
where MCHPThOE  is thermal energy provided by the MCHP, cwm  is the cooling water mass flow rate, cp is the isobaric 
specific heat capacity of water, TS and TR are the supply and return temperature of water, respectively. In particular, 
during the test, the MCHP unit and hydraulic scheme are set so that supply and return temperatures of 50 °C and 30 
°C, respectively, are maintained.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Layout of two MCHP hydraulic schemes with measuring points: left - without thermal storage; right - with thermal storage. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Thermal load profile – X is the time [h] and Y is the ratio between thermal output and rated output [%] 
3.3. Testing procedure 
Some examples of hydraulic schemes are shown in Fig. 2. As shown by the arrows in both directions at the 
electricity meter, any auxiliary power consumed by the MCHP unit is taken into account. Hence, the electricity 
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output measured refers to the net output. The consumption of the external circulation pump is also taken into 
account, as it is connected at the generator output. However, the standard also contemplates further schemes. 
As regards the operation of the MCHP unit for heating purposes, measurements for the determination of the 
standard efficiency occur with a variable thermal load as shown in Fig. 3. Since return and supply temperatures are 
controlled at constant levels of 30°C and 50°C, respectively, the heat rejection can be adjusted by the volume flow 
rate in the heating circuit, only. The profile of thermal load refers to a day in spring or in fall or, in other words, to 
the transition time during the year. This is because the evaluation of the primary energy savings according to the 
Directive 2004/8/EC of the European Parliament, [5], is based on annual efficiency factors. Since it is not feasible to 
test cogeneration units for a period of one full year, any short-cut method should represent the variable heat demand 
during the year as best as possible. Thus, neither winter days nor summer days can serve as a meaningful profile, [9]. 
In the beginning and end of the test, to ensure equal energy states in the MCHP unit, the unit is powered up until 
steady state is reached. Then, the test is performed. The test begins as soon as the MCHP unit, with or without a 
buffer, is in steady state. The steady state is reached when the average value of the fuel mass flow within 30 minutes 
changes no more than ± 2% and the return temperature is no more than ± 1 °C of the 30 °C set-point. During the test, 
the average variation of the supply and return temperatures over the entire measurement cycle is not more than ± 2 
°C of the set value. For each phase a deviation from the thermal energy profile of maximum 5% is permitted. 
 If the unit is equipped with a thermal storage, testing period starts and ends with full thermal storage. For the 
sake of accuracy and consistency, the level of thermal energy in the storage tank must be the same at the beginning 
of the test procedure and at its end. A storage tank at maximum energy level forcing the MCHP unit to shut down by 
the internal control is used as an indicator for the start and the end of the test procedure. Obviously, the end of the 
test procedure should be triggered by the same event after 24 h. However, since the operation of the MCHP unit is 
more or less independent of the heat rejection to the heating circuit due to the thermal decoupling by the storage 
tank, it will be just by coincidence if the end of the test procedure after 24 h and the shutdown of the MCHP unit 
occur at the same time. Therefore, the standard DIN 4709 allows the shutdown of the MCHP unit in a time slot 
between 24 and 24.5 h after the test procedure started. Evidently, this requires to prolong the last phase of the test 
procedure from 4 h up to 4.5 h. If the MCHP unit does not shut down within this 0.5 h time slot, another 24 h test 
procedure should be added. If the end of this second test procedure between 48 to 48.5 h after start still does not 
coincide with the shutdown of the MCHP unit, a third 24h-test procedure should be added. If this does not help 
either, the entire test must be aborted “inconclusively”. 
With the measured amounts of energy during the test, electrical (eq. 1), thermal (eq. 2) and overall standard 
efficiencies can be determined. The overall efficiency for heating purposes is defined as the sum of the thermal 
efficiency and a corrected electrical efficiency: 
Fuel
ElMCHP
El
MCHP
Thtot PEF
PEF KKK
  (7) 
where PEFEl and PEFFuel are primary energy factor of electricity mix and fuel used, respectively.   
3.4. An alternative calculation method 
The test procedure provided from standard DIN 4709 was applied to two MCHP units at Reutlingen University as 
described in [9], to deal with a major drawback of the test procedure, since the test period should end between 24 
and 24.5 h after start on the one hand, and the end of the period should coincide with a shutdown of the MCHP unit 
on the other hand. Both conditions can hardly be fulfilled jointly during practical testing. Instead of repeating the 
complete test, as proposed by the standard, an alternative method is suggested.  
During the test with a MCHP unit, two shutdowns events were recorded, one 21.7 h and one 25.4 h after start. 
The energies measured during the test allowed to evaluate the thermal, electric and overall efficiency for the two 
shutdowns events. The data showed almost identical results for the two test sections analyzed, which evidently 
implies to effectively derive the efficiency factors for the 24 h test profile by linear interpolation.  
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4. PAS 67 (UK) 
4.1. Aim and scope 
This Publicly Available Specification (PAS) was prepared by the Energy Saving Trust in collaboration with the 
British Standards Institution, [10]. This section is related to the 2008 version of the standard, but a more recent one 
(PAS 67:2013) is now available, [11]. 
The purpose of this PAS (Publicly Available Specification) 67 is to determine by measurement, under a variety of 
load conditions, the data needed to calculate the energy performance of a microcogeneration unit, [10]. It specifies a 
comprehensive set of test conditions for determining the heating and electrical performance of heat-led micro-
cogeneration systems that are primarily intended for use in dwellings. The tests are designed to be reproducible. 
The PAS is suitable for testing MCHPs with a thermal output up to 70 kW, fuelled by natural gas, LPG, biogas, 
hydrogen, mineral oil and bio-oil. All the calculations shall be determined using gross calorific values of the fuels, 
measured with an uncertainty lower than 0.5%. The specification also defines the maximum permitted uncertainties 
for fuel energy input, thermal energy output as well as electric energy input and output measurements. 
The standard introduces the following classification of MCHP systems: RegPK – MCHP packages for providing 
space and water heating, intended for connection to a separate Domestic Hot Water (DHW) storage tank; CombiPK 
– MCHP packages for providing space and water heating in which DHW service is provided wholly from within the 
package; HeatPK – category of micro-cogeneration package for providing space heating only. 
The standard specifies the reference conditions for the test (ambient air temperature, relative humidity, air 
velocity, protection from direct sunlight). 
4.2. Calculation procedure 
The laboratory test shall carry out the following energy balance calculation for each test period: 
    STMCHPwasteElSHMCHPElMCHPFuelbal hhQNENEDEPEQ ''   (8) 
where Qbal represents the energy balance, the total measured energy input minus the total measured energy output. 
MCHP
FuelPE  and 
MCHP
ElDE  are the primary and electric energy entering the MCHP, NESH and NEEl are net useful thermal 
energy for space heating and electric energy, Qwaste is thermal energy wasted through the MCHP package and 
exhaust gasess, ΔhMCHP and ΔhST are the energy content difference at the beginning and end of the test, for the MCHP 
and storage tank respectively. The absolute value of Qbal shall not exceed a discrepancy limit (in the range 2.0 – 
6.0% of MCHPFuelPE ) that depends on the value of the partial load ratio (PLR) for which the unit is tested. 
4.3. Testing procedure 
The specification requires a minimum of three operating tests (100%, 30% and 10% of full thermal output). The 
full output is a test of the system at its nominal rated heat output for space heating. The 30% (or 10%) output test is a 
test of the system for 24 hours with a suitable space heating demand, such that the space heating output is equivalent 
to 30% (or 10%) of the space heating output produced during the full output test. A maximum deviation from the test 
value is permitted. A test to determine stand-by losses (given by El
MCHP
El
MCHP
Fuel NEDEPE  ) should also be carried 
out, under conditions where the system is ready for service, meaning that it shall supply its nominal rated heat output 
within half an hour of a call for thermal energy. In the case of a CombiPK package, ready for service also requires 
readiness for hot water draw-off. 
Finally, the specification defines a DHW test, applicable to RegPK and to CombiPK (with hot water storage less 
than 15 litres). The test for the production of DHW is a test of the unit for 24 hours considering the EU DHW 
tapping cycle.  
The specification also defines the minimum and desired temperature differences between the cold and the hot 
water, the water flow rate, as well as the allowable energy deviation. 
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4.4. Evaluation of annual energy performance 
The results obtained from testing with the requirements of PAS 67 are not intended for use as a direct 
comparative assessment of MCHP units. However, the PAS results can be used as input to a procedure to calculate 
annual energy performance, such as the one in [12], that enables the estimation of the annual energy performance 
and derivation of a single index of performance for product comparison of microcogeneration systems for space 
heating and hot water service (or space heating alone) in single dwellings in the UK, making specific assumptions 
about the size and the way it is used, but not about the design or particular technology adopted. 
The method defined in [12] is valid only if: laboratory tests have been carried out under the conditions prescribed 
by PAS 67; the tests have been carried out while the package was operating in synchronous mode (not island mode); 
the microcogen package is the primary heating system and is heat-led (heat is never wasted, electricity generated is a 
useful by-product and it is given carbon emission credit, as it displaces an equivalent amount that would otherwise 
be generated by the public electricity supply); the microcogen package is matched to the building using a suitable 
Plant Size Ratio (PSR, defined as the nominal heat output of the heating plant divided by the design heat loss; the 
annual results are required for four values of PSR: 0.5, 1, 1.5 and 4). 
The method assess the microcogen package under any of the four regimes specified in the PAS 67 procedure: 
x Regime 1 – 24 hours/day – Continuous 100%, 30% and 10% part-load. 
x Regime 2 – 16 hours/day – Continuous 100%, plus uni-modal operation (7:00-23:00) at 30% and 10% part-load. 
x Regime 3 – 11 hours/day – Continuous 100%, plus bi-modal operation (6:00-9:00 and 15:00-23:00) at 30% and 
10% part-load. 
x Regime 4 – Mixed option – Continuous 100%, plus uni-modal operation at 30% part-load, plus bi-modal 
operation at 10% part-load. 
Part-load conditions in dwellings in the UK are represented by a heat load profile, that is the number of days per 
heating season at 13 part-load bands, each approximately 10% in range, Fig. 4. Heat load profiles are derived from 
meteorological data and vary with PSR and heating regime. To estimate the annual fuel input and net electricity 
generated, the profile is multiplied by the interpolated part-load performance results. 
The seasonal performance index is called Heating Plant Emission Rate (HPER), and represents the carbon dioxide 
emissions from fuel and power needed to provide space heating and hot water service in the building. It is defined as 
the carbon dioxide emissions from fuel and power consumed by the heating plant, offset by the emissions saved as a 
result of central electricity production avoided, divided by the heat output over the whole year (kgCO2/kWh). The 
HPER includes any auxiliary space and water heating that may be necessary, i.e. it represents the performance of the 
whole heating plant needed to provide space and water heating service to the building. It is defined as: 
 
X
OE
CIFOECIFPEPE
HPER HP
Th
El
HP
net,ElFuel
HP
hs,Fuel
HP
sum,Fuel uu  (9) 
 
Fig. 4. Heat load profile for regime 3 (PSR = 1.5). 
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where HP sum,FuelPE  and 
HP
hs,FuelPE  are the fuel consumed by the heating plant during summer and heating season, 
HP
net,ElOE  
is the net electricity consumed (or generated) by the plant (given by the difference between electricity from MCHP 
and electricity consumption of the heating plant), HPThOE  is the annual heat generated  by the plant for heating and 
hot water (if any), including any thermal energy produced by secondary heating or hot water heating systems, 
CIFFuel and CIFEl are the carbon intensity factors of fuel and electricity, respectively, X is an extended heating 
factor, whose value depend on the type of regime. 
Lower values of HPER indicate lower emissions and hence better overall thermal and electrical performance. 
5. Conclusions 
In this paper, three of the main available standard national testing procedures for MCHP have been described. 
From a comparison, they have many common general elements, for example: they require that the MCHP is heat-
led; they refer to a control volume that include the whole heating system (MCHP, integration boiler and storage 
tank); they require only a limited number of tests demand tests, both at nominal operating conditions and according 
to appropriate test cycles; they specify the equipment and instrumentation to be used, such as sensor accuracy; they 
define the reference testing conditions (supply and return water temperatures, ambient air temperature, etc.). 
Nevertheless, some major differences can be detected; for example the analyzed standards differ in terms of the 
limiting value of power (electric, thermal or primary) for the applicability. A further dissimilarity can be found in 
the thermal load profile for testing: the Italian standard defines four day types (three for thermal and one for cooling 
load); the German one defines a single profile, representative of an intermediate day; in the UK standard the heat 
load profile is represented by the number of days per heating season at 13 part-load bands. 
A further major difference is that the Italian and German standards use energy-based performance indices to 
evaluate the stationary nominal and overall annual performance of the MCHP system, while the UK procedure is 
based on an environmental-based performance assessment parameter. 
In conclusion, however, the analyzed national methodologies seem to be based on the same fundamental 
elements, therefore a standardization of the procedures on a wider geographic scale (for example, at least at an 
European level) could be achieved, still retaining the specific elements that typically vary with geographical 
characteristics and meteorological conditions of the installation location. 
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